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• Contaminants of Emerging Concern 
are an exceedingly broad class of 
chemicals that include pesticides, 
herbicides, pharmaceuticals, 
stimulants, and flame retardants
• Too many CECs to measure all at 
every site (thousands)
• Unclear how much 
sampling/analysis needed to 
characterize concentrations of 
specific CECs
Our CECs
CECs are of interest due to 




Our suite of CECs was 
developed primarily with 
source tracing in mind, 
although a few have 
toxicological relevance
CEC Use/Application





Ethyl Paraben Anti Microbial
Ethyl Vanillin Artificial Flavoring
Ibuprofen Anti-Inflammatory




Ensulizole UV Filter (Sunscreen Agent)
Propyl Paraben Anti Microbial










Filter (0.7, 0.45, 0.2 µm 
pore size in sequence)
removes dissolved matter 







Extraction with nonpolar “Oasis 
HLB” solid phase extraction 
cartridge concentrates analytes and 




Samples are eluted with 
organic solvent (methanol 
and/or methanol/MTBE 
mixture) and then 





150 µl sample is brought up to 
1500 µl with pH = 2.8 acetic 





1liter  LDPE 
cubitainers
or 1250 ml 
glass bottles
2013 Snapshot
In order to estimate the spatial 
variability of this suite of CECs, 
a set of 44 surface water 
samples were collected at 
locations distributed 
throughout the Puget Sound
Samples were collected by a 
combination of citizen 
scientists and CUW scientists 
Samples were collected over a 
3 day period in June
Examination of Temporal Variability: Foss 
Waterway
We collect and process one or two samples/batch  from 
our dock on the Thea Foss waterway in Tacoma’s 
Commencement Bay
From February – February  2014, we collected samples on 
21 days (nominally one every 2-3 weeks) to evaluate 
variation in the temporal dimension of our CECs
CEC sources anticipated to influence this sampling 
location: 
— stormwater runoff
— treated wastewater (Tacoma Central WWTP discharges 
into Commencement Bay)
— agricultural runoff (via Puyallup River), all diluted to 
varying extent by Puget Sound  
The question we are asking in the 
analysis of these two data sets is:
“How do the levels of Contaminants of 





detection seems to 
be a product of the 
LOD (Ibuprofen)
















































































































































Snapshot % Detected 
Time Series % Above LOD 



























































































































































Snapshot % Detected 
Time Series % Above LOD 
Nominal Snapshot LOD
Time Series Average LOD













































































































































































in time & space
Thea Foss Time Series
CECs >33% Above LOD
Concentration (ng/L)















CECs >33% Above LOD
Concentration (ng/L)




















have been found 
























Thea Foss Time Series:
Sucralose vs. Carbamazepine
Carbamazepine (ng/L)















































Thea Foss Time Series:
Sulfamethoxazole vs. Sucralose
Sucralose (ng/L)



















• Many CECs are ubiquitous both spatially and 
temporally in the areas and times investigated 






While the ambient 
concentrations of these CECs are 
generally very low, the presence 
of human wastewater on the 
Puget Sound is apparent and 
widespread
Reason for difference in correlation 
between conservative tracers is unclear
Conclusions
• The spatial and temporal variability and 
frequency of detection seems similar for many 
CECs
– For some CECs (Sucralose), there is an interesting 
lack of variability
• Future studies of CECs in the environment can 
be more focused (less spatial/temporal 
coverage) if these CECs are representative
– This suite of CECs biased towards wastewater
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Thanks for Your Time-Questions?
Pearson’s R = 0.693
Spearman’s R = 0.612
Caffeine and 
Paraxanthine


























































































































































































CECs present at <LOD 
replaced with LOD/2 
for calculations
Some frequently detected CECs are relatively invariant: Sucralose, Cotinine, 
Carbamazepine, Sulfamethoxazole
Others are more variable: Paraxanthine, Mecoprop




Thea Foss Time Series
CECs >33% Above LOD
Concentration (ng/L)














Again, higher concentrations of 
Theobromine observed 
compared to Paraxanthine
In general, higher 
concentrations for time 
series sampling as 
compared with Snapshot 
sampling
Temporal Variability Sampling
EMs >33% above LOD
Detection Frequency of Time Series 










































































































































































Average Method Limit of Detection (+/- SD)
Some compounds 
were ubiquitous 








were rarely present at 
concentrations >LOD 















were rarely present at 
concentrations >LOD 


















































































































































































Nominal Method Limit of Detection
Variation in Time
















































































































































































Variability in EM Concentrations
Temporal Variability Sampling
EM Concentrations from 
Snapshot Sampling 
Snapshot 
CECs >33% Above LOD
Concentration (ng/L)














Higher concentrations of 
Theobromine observed 
compared to Paraxanthine
Most of the toxicologically 
relevant EMs below 1 ng/L
Snapshot
EMs >33% above LOD


















All concentrations in 
ng/L
Context
VolumePuget Sound = ~26.5 miles3
1 ng/liter of these EMs is equal to:
>2 million packets of Splenda ( 50 mg sucralose/1 packet)
>500,000 cups of coffee (200 mg caffeine/cup)
Sucralose
Low-calorie sweetener
Undergoes little to no 




CEC Recovery Surrogate Internal Standard (polarity)
Ensulizole d3-Vanillin 13C3-Caffeine (+)
Ibuprofen d3-Vanillin d3-Ibuprofen (-)
Methyl Paraben d3-Vanillin d4-Ethyl Paraben (-)
Ractopamine d3-Vanillin 13C3-Caffeine (+)
Cotinine d4-Propylparaben d3-Cotinine(+)
Ethylvanillin d4-Propylparaben 13C3-Caffeine (+)
Mecoprop d4-Propylparaben d3-Ibuprofen (-)
Propyl Paraben d4-Propylparaben d3-Ibuprofen (-)
Paraxanthine d4-Sulfamethoxazole 13C3-Caffeine (+)
Sulfadimethoxine d4-Sulfamethoxazole d6-Sulfadimethoxine (+)
Sulfamethoxazole d4-Sulfamethoxazole 13C3-Caffeine (+)
Sulfamethazine d4-Sulfamethoxazole 13C3-Caffeine (+)
Acetaminophen d5-Atrazine 13C3-Caffeine (+)
Atrazine d5-Atrazine 13C15N Carbamazepine (+)
Caffeine d5-Atrazine 13C3-Caffeine (+)
Carbamazepine d5-Atrazine 13C15N Carbamazepine (+)
Ethyl-Paraben d5-Atrazine d4-Ethyl Paraben (-)
Sucralose d5-Atrazine/d6-Sucralose d7-trans Cinnamic Acid (-)
Theobromine d6-Theobromine 13C3-Caffeine (+)
Sulfonamide Antibiotics
• Sulfamethoxazole: Human antibiotics
• Sulfamethazine: Widely used veterinary 
antibiotic for meat-producing animals
• Sulfadimethoxine: Veterinary antibiotic, 
approved for human use in some countries 
(Russia)
This substituent group 









Very little (if any)
removal by WWTP
A Brief Note about Limits 
of Detection (LOD)
Because we use these things 
in our every day lives, there 
is a consistent risk of 
contamination of collected 
samples during sample 
processing in the laboratory
We calculate our method 
LODs as:
LOD = 
Average CEC Mass in Blank + 








































LOD = 5 ng/L
Frequency of Detection = 66%
LOD = 10 ng/L
Frequency of Detection = 33%
LOD = 18 ng/L
Frequency of Detection = 0%
Chemical X

Spatial Variation in 
Paraxanthine
Concentrations











































of Caffeine in 
Puget Sound = 
10 ± 2.5 ng/L
How do we know that we are analyzing everything that 
was in our sample? 
 In other words: How much do we lose in the extraction 
process?
• To account for CEC loss during extraction, we use 
isotopically-labeled surrogates that are identical 
chemically, but differ in mass, from our CEC analytes:
Corrected MassCEC = 
Calculated MassCEC / Fractional Recovery of Appropriate 
Surrogate
1. Add 10 ng d6 sucralose before processing
2.  Calculate recovery of d6 sucralose (i.e., 
recovery = 50%)
4. Corrected results = (15 ng/0.5)/water 
volume = 
30 ng sucralose/Liter
Quantification by Surrogate Correction I
3. Initial Result = 15 ng sucralose in sample
Acetaminophen Spike + Recovery Data





















DI SPK 1 PH8 62 95 124 96 98 94 144
DI SPK 2 PH8 46 70 86 81 71 70 279




D. SPK 1 PH8 38 124 118 168 100 156 136
D. SPK 2 PH8 66 126 123 151 100 145 310




STREAM SPK 1 PH8 47 116 133 124 112 123 179
STREAM SPK 2 PH8 46 80 95 109 72 79 323
STREAM SPK 3 PH8 50 100 115 118 92 99 261
AVERAGE 50 101 112 119 90 107 235
RSD(%) 17 21 13 24 16 29 41
Quantification by Surrogate Correction II
• We have multiple labeled surrogates, but not enough 
for each CEC (d6 sucralose = 225$/1 mg)
• So, we need to evaluate which labeled compounds 
work best as surrogates for each CEC
• We do this by spiking a known am unt of the CEC 
analytes into relevant sample matrices and 
calculating the accuracy of the recovery using each 
surrogate
– Accuracy threshold = >70%, <130% accuracy (± 30%)
“Best” surrogate = 
d5 Atrazine: 90% 
accuracy on 
average w/ least 
variability




Even with our very 
sensitive 
instrumentation, in 
order to see the 
levels present in 
mixed surface and/or 
groundwater, we 







Parts per trillion or nanograms per liter (ng/L)
1 part per trillion corresponds to about 3 seconds in 100,000 years
OR
1 drop of water (50 µl) in 20  Olympic sized swimming pools
Common “doses” of some of our 
CECs: 
200 mg caffeine/cup of coffee
200 mg ibuprofen/tablet
325 mg acetaminophen/
Regular Strength Tylenol 
(500 mg/ Extra Strength)
~50 mg sucralose/1 packet Splenda
Calculating the 
LOD
What is the limit of 
detection? What 
does it mean? 
Generally, the limit of detection represents the value at which we can disprove the 
null hypothesis at some level of certainty (usually 95%)
Null Hypothesis: That the observed difference is the 
product of a chance only and not the product of a true 
difference in populations
As it relates to measurements of CECs (or any other type of 
environmental contaminant), the question translates to, “Did this 
come from out there, or in here?”
Limits of detection calculated based on 
the analyte levels present in “samples” 
of deionized water taken through the 
extraction and analysis method
Method LOD=
Averagemethod blanks +
3x Standard Deviationmethod blanks
Spatial Variation in 
Sulfamethoxazole
Concentrations












All concentrations in 
ng/L





























































































































































































Salinity was not found to be significantly 
correlated with CEC concentrations for either 
sampling type (Snapshot or Thea Foss Time 
Series)
—Tidal influence (Snapshot) or Puyallup River influx + 
tidal influence (Thea Foss Time Series) not 
anticipated to have large effect on measured CEC 
concentrations
% RECOVERY STATISTICS FOR SOUNDCITIZEN SPIKED SAMPLES
CEC Range Max Min Median 25% 75%
Acetaminophen 77 91 14 51 31 72
Carbamazepine 61 89 28 76 66 81
Ibuprofen 67 164 97 118 106 130
Ensulizole 92 117 25 103 72 110
Atrazine 53 76 23 68 63 72
Mecoprop 73 106 33 91 85 96
Ractopamine 135 172 36 120 104 165
Ethylparaben 56 78 22 61 47 66
Methylparaben 92 118 26 84 53 108
Propylparaben 50 71 21 61 53 64
Sucralose 101 111 10 73 32 91
Ethylvanillin 165 165 0 0 0 0
Caffeine 70 114 43 67 63 92
Paraxanthine 66 81 15 35 25 64
Theobromine 338 386 48 70 60 96
Cotinine 88 120 32 82 57 109
Sulfadimethoxine 75 109 34 69 60 82
Sulfamethoxazole 47 75 28 66 55 70
Sulfamethazine 103 137 33 80 76 109



































































































































































between CECs for 
Snapshot Data
Relatively few CECs were 
strongly correlated (R2 > 
0.5) with each other 
Paraxanthine was highly correlated 
with Theobromine (not surprising-
both are metabolites of caffeine)
Sulfamethoxazole was highly 
correlated with Sucralose
































Caffeine 0.0253 0.0111 1.0000
Carbamazepine 0.0177 0.0230 0.0016 1.0000
Cotinine 0.0394 0.0275 0.0014 0.0860 1.0000
Ethylparaben 0.0264 0.0071 0.3660 0.1176 0.0145 1.0000
Ethylvanillin 0.0076 0.0102 0.0027 0.0000 0.0480 0.0025 1.0000
Mecoprop 0.0532 0.0213 0.0051 0.0929 0.2300 0.0030 0.0002 1.0000
Ensulizole 0.0099 0.0097 0.0021 0.0402 0.0533 0.0025 0.0006 0.0043 1.0000
Ibuprofen 0.0018 0.0332 0.0018 0.0423 0.0082 0.3836 0.0005 0.0001 0.0006 1.0000
Methylparaben 0.1521 0.0000 0.0603 0.0889 0.0071 0.1810 0.0109 0.0015 0.0367 0.0008 1.0000
Paraxanthine 0.0036 0.0002 0.4802 0.0029 0.0142 0.1879 0.0018 0.0086 0.0012 0.0014 0.0264 1.0000
Propylparaben 0.1420 0.0030 0.0207 0.1257 0.0128 0.1945 0.0039 0.0142 0.2571 0.0101 0.4859 0.0012 1.0000
Ractopamine 0.0003 0.0035 0.0145 0.0002 0.0000 0.0193 0.0042 0.0000 0.0038 0.0042 0.0738 0.0087 0.0306 1.0000
Sulfadimethoxine 0.0154 0.0017 0.0110 0.0354 0.0002 0.0045 0.1641 0.0044 0.0011 0.0010 0.0195 0.0044 0.0071 0.0075 1.0000
Sulfamethoxazole 0.0022 0.0212 0.0001 0.8320 0.1485 0.1039 0.0002 0.1176 0.0195 0.0459 0.0621 0.0032 0.0832 0.0007 0.0588 1.0000
Sulfamethazine 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
Sucralose 0.0038 0.0067 0.0019 0.7461 0.0210 0.1057 0.0003 0.0709 0.0158 0.0408 0.0548 0.0002 0.1002 0.0045 0.0549 0.7651 0.0000 1.0000 0.0000
Theobromine 0.0006 0.0018 0.3536 0.0000 0.0099 0.1275 0.0009 0.0043 0.0008 0.0009 0.0284 0.9456 0.0037 0.0045 0.0017 0.0000 0.0000 0.0005 1.0000
Comparison to Other 
Areas of the World
Because of the issues with variable 
Limits of Detection, it is difficult to make 
comparisons between studies using 
metrics such as frequency of detection. 







Coast 40 8.5 del Rey, et al. (2012)
Singapore 11 59 Bayen, et al (2013)
Costa Rica 29 18-498 Spongberg, et al (2011)
Puget Sound 











Singapore 67 2.2 Bayen, et al (2013)
Costa Rica 19 5-984 Spongberg, et al (2011)
Puget Sound 




44 4.3 This Study
Ibuprofen
Frequency of 




























Caffeine 0.3970 0.0030 1.0000
Carbamazepine 0.0001 0.2234 0.0077 1.0000
Cotinine 0.5685 0.0302 0.7523 0.0189 1.0000
Ethylparaben 0.0566 0.0230 0.0006 0.0239 0.0003 1.0000
Ethylvanillin 0.0477 0.1215 0.0108 0.0707 0.0161 0.0000 1.0000
Mecoprop 0.0336 0.0020 0.3349 0.0843 0.4051 0.0114 0.0000 1.0000
Ensulizole 0.0384 0.3133 0.0013 0.4177 0.0113 0.2000 0.0616 0.0038 1.0000
Ibuprofen 0.0316 0.0375 0.0034 0.0096 0.0129 0.0309 0.1395 0.0390 0.0578 1.0000
Methylparaben 0.0925 0.1517 0.2234 0.0065 0.1608 0.1040 0.0648 0.1850 0.0176 0.0804 1.0000
Paraxanthine 0.2427 0.0395 0.7716 0.0270 0.4707 0.0082 0.0038 0.1149 0.0757 0.0648 0.0752 1.0000
Propylparaben 0.1919 0.1158 0.0014 0.0810 0.0154 0.7483 0.0285 0.0013 0.4114 0.0219 0.0102 0.0223 1.0000
Ractopamine 0.0047 0.7438 0.0485 0.2729 0.0420 0.0375 0.0791 0.0300 0.4499 0.1168 0.1966 0.0037 0.1650 1.0000
Sulfadimethoxine 0.0518 0.5820 0.0429 0.2684 0.0492 0.0129 0.1391 0.0000 0.6300 0.0450 0.1557 0.0057 0.0783 0.5498 1.0000
Sulfamethoxazole 0.0575 0.0412 0.0055 0.1246 0.0001 0.0027 0.0356 0.0025 0.0262 0.0392 0.0808 0.0000 0.0552 0.0064 0.0542 1.0000
Sulfamethazine 0.0534 0.5643 0.0605 0.3565 0.0652 0.0038 0.0462 0.0173 0.5800 0.1076 0.2050 0.0020 0.0504 0.7570 0.8191 0.0019 1.0000
Sucralose 0.0384 0.1120 0.0398 0.0655 0.0000 0.0206 0.0137 0.0382 0.1046 0.0009 0.0002 0.0453 0.0445 0.0532 0.0423 0.0040 0.0560 1.0000
Theobromine 0.2728 0.0376 0.4821 0.0009 0.3284 0.0127 0.0179 0.0198 0.0975 0.0126 0.0106 0.7530 0.0377 0.0012 0.0297 0.0398 0.0006 0.0088 1.0000
Correlation of CECs for Thea Foss time series data
